A severe limitation in studies of avian ecological energetics is the lack of an accurate, noninvasive technique for determining whole body fat storage in living birds. We explored a technique of assaying total body potassium as a predictor of lean mass (LM) and then derived fat mass (FM) by subtracting LM from total body mass. Body potassium ' Received 15 December 1997. Accepted 3 April 1998.
(K), present in lean tissue but not in fat, was estimated noninvasively from naturally-occurring radioactive 40K, which occurs as a fixed ratio to total body K. We assayed 29 pigeon (Columba livia) carcasses for 40K and then measured LM from body composition analyses in which fat mass was extracted using petroleum ether. The @K results were regressed against LM using five different combinations of independent variables. Regression equations were tested by comparing predicted LM (and FM predictions by subtraction from body mass) to measured LM values obtained from a separate group of pigeons. Whole body assay of 4oK within a 250 kiloelectron volt (keV) region of interest was not a useful predictor of LM in pigeons (9 = 0.5 1; surrounding the 1.46 megaelectron volt (MeV) total mean absolute error was 14 2 7%). Absolute errors absorption peak of 40K. Contributions from backincreased with FM predictions (96 i 50%). Adding ground counts were regularly determined and subtractbody mass as an independent variable increased the 9 ed from the gross counts. to 0.97, but body mass alone explained 96% of the Efficiency in detecting 40K partially depends upon variability in LM.
the size and number of NaI crvstals used for the anal- 
METHODS

ANIMALS
We used 43 pigeons (Columba livia) ranging in body mass from 252 to 501 g and in fat ma& from 16 to 94 a (5 to 22%). Pigeons were given water and food ad fib&urn for severi weeks, eurhanized with N,, and frozen. Because animal size affects the attenuation of "OK gamma rays emitted from an organism (Miller and Remenchik 1963) , body mass, body length (from the anterior end of the keel to the cloaca), and body thickness (distance between the keel of the sternum and the back) were measured on the frozen carcasses to normalize 40K estimates for the physical dimensions of the pigeons.
STATISTICAL ESTIMATION OF LEAN AND FAT MASS
Lean masses of 29 birds, derived from body composition analyses as described in Gessaman et al. (1998), were regressed against five different combinations of independent variables: (1) 4oK counts, (2) body mass (wet weight), (3) 40K counts and body mass, (4) body mass, body length and thickness, and (5) 40K counts, body mass, body length and thickness. The distributions of body mass, 40K counts, and lean mass were normalized by natural logarithm transformations, and regressions were performed on log-transformed data.
Regression equations then were tested by comparing LM and fat mass predictions to values measured on a group of 14 pigeons, independent of the original 29 birds used to derive the equations. Predicted values of lean mass and fat mass were compared to actual values obtained from body composition analyses using t-tests for independent samples.
RESULTS
Potassium-40 was a poor predictor of LM in pigeons.
Coefficients of determination (9) were 0.28 and 0.51 for 2-and 7-hr assays, respectively (Table 1) . Adding body mass as an independent variable greatly improved the predictive abilitv; 9 values increased from b.51 to 0.97 (Table 1) . However, body mass alone explained 96% of the variability in LM. Adding two additional morphological measurements to estimate LM (i.e., bird length and thickness) did not improve predictions (rZ = 0.97. Table 1 ). Indeed. neither variable was significant within the multiple regression; P values for bird length and thickness were 0.56 and 0.36, respectively, for the 7-hr assay.
Measured LMs of 14 additional pigeons, determined from body composition analyses, were compared to LMs predicted from regression equations derived from the 29 birds. Comparisons were made for results obtained from 40K assays, as well as 40K in combination with bird mass. Coefficients of determination of measured versus predicted LM increased from 0.11 when 40K was used alone, to 0.98 when body mass was added.
WHOLE BODY COUNTING
Surprisingly, there was no significant difference (t,,= 0.13, P = 0.89) between measured LM of the 14 Each frozen pigeon was assayed for 40K using a 15 X birds (279 5 47 g) and that predicted using regression 15-cm diameter NaI detector (Bicron Inc., Newburg, equations derived from 40K measurements (270 ? 31 Ohio) coupled to a multi-channel analyzer (EG&G, g; Table 2 ). This suggests that 4"K could be used to Oak Ridge, Tennessee). Total counts were determined reasonably estimate the mean LM among treatment The closer the goodness-of-fit number is to zero, the better the prediction. Estimates of LM using 40K had absolute errors of 14 ? 7% (Table 2) , and a large goodness-of-fit value of 2,122. Addition of body mass to the regression reduced the absolute error associated with LM predictions to 2 5 2%, and goodness-of-fit also improved substantially (47; Table 2 ).
Errors of predicting FM using equations derived from 40K measurements were much larger (96 2 50%) than those associated with LM predictions. Errors of predicting FM decreased to 16 2 14% when body mass was added as an independent parameter (Table  2) , and goodness-of-fit values decreased as they did with LM (from 2,122 to 47; Table 2 ).
DISCUSSION
Whole body assays of 40K, when used alone, were not useful predictors of LM nor FM. Estimates of LM and FM from 40K counts alone had absolute errors of 14 2 7% and 96 ? 50%, respectively. Adding body mass greatly improved the accuracy of the prediction, but effectively nullified the contribution of 4oK values to the variation explained by linear regression. Ninety-six percent of the variation in LM was explained by body mass alone. When 4"K counts and body mass were used together to predict FM the absolute errors dropped to 16 & 14%. Thus, our best estimates had errors too large for tracking FM changes within individual animals, and perhaps too large for comparing treatment means in many experimental situations.
The low correlation between LM and 40K counts that we observed can possibly be explained by one, or both, of the following: (1) the basic assumption that K is found solely in lean tissues of birds is incorrect, or (2) the 40K content of our birds was too low to be TABLE 2. Comparisons of grams of fat mass (measured by fat extraction) and lean mass (measured as total body mass -fat mass) from 14 pigeons to values predicted from regression equations presented in Table 1 A whole-body liquid, rather than a solid, scintillation counter, may be the instrument of choice for animals with low total body K, such as the one used to measure total body K (100 mEq; 3.9 g) with an accuracy of 8% in one hour in a potassium-deficient child weighing 5 kg (Garrow 1965) . Liquid scintillometers detect gamma rays emitted from the body more efficiently because they literally surround the subject, greatly increasing the efficiency of detecting 40K emissions. With a solid crystal, such as used in our study, only the gamma rays emitted in the direction of the crystal are detected. We had hoped that the use of large, efficient crystals and long assay times would overcome the small-body size limitation of the 40K method, however, we were incorrect. Further technological development may be required before 4"K whole-body counts can be used to accurately predict LM of animals substantially smaller than 5 kg.
More fundamentally, inaccuracy is inherent in any method that subtracts LM from total body mass to derive FM because FM typically constitutes a relatively small portion of the total mass of an organism; thus small errors in LM estimates result in much larger errors in FM estimates.
